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RECENT INJECTOR STUDIES FOB THE EUROPEAN 300 GeV ACCELERATOR 
- USE OF A TART INSERTION -




Several p o s s i b i l i t i e s have been explored for injection into the 
300 GeV synchrotron in order to find the most r e l i ab le and sui table solu­
t ion . We came to the conclusion that the l a s t stage before the main 
r ing should be a fast cycling booster of about 8 GeV final energy. 
However, the inject ion energy into th is booster and the booster radius 
are under discussion-, these were 200 MeY and 100 m respect ively , in 
the original design ( r e f . l ) . 
One a l t e rna t ive studied in more de ta i l is the insert ion of a 
multiple r ing stage between the l inac and the booster. This i s com­
parable with the new CPS injector under design for in tens i ty improve­
ment, which consis ts of four v e r t i c a l l y stacked strong focusing rings 
( r e f . 2 ) . We concentrated our study on three inter laced r ings , a 
th i rd in size of the subsequent booster, ( r e f . 3 ) . Principal para­
meters are given in table I . Half a superperiod of th i s TART * in­
sertion i s shown on f ig . 1. 
THE MAGNET SYSTEM 
This i s strong focusing of the PODO type. Bending occurs only 
in two of three subsequent F-elements. Each bending magnet consists 
of three magnet blocks, the middle block having gradient pole t i p s . 
There are three parameters available for adjusting QH and QV the 
focusing strengths of the D-lenses, the F-lenses and the bending magnets. 
The balance between these turned out to be important for inject ion and 
e jec t ion . With th i s l a t t i c e independent tuning of QH and QV is pos­
sible without adding correction quadrupoles. The tuning was con­
sidered to be suff ic ient ly desirable not to apply a constant gradient 
l a t t i c e as proposed by Garren and Hubbard (ref. 5)-
THE RF SYSTEM 
We have assumed bunch synchronization r ight through the cas­
cade: linac-TART-booster-main r ing . For the frequency envisaged in 
the main r ing t h i s fixes the harmonic number at 126 and the frequency 
range at 62 - 143 MHz. The voltage programme has been chosen so as 
to cope with a l inac beam of ± 200 keY energy spread corresponding to 
at l eas t twice the expected value. 12 mechanically servo-tuned 
cav i t i e s of ~ 12 kV peak voltage are foreseen per r ing . They occupy 
three superperiods. This RF system compares with the booster RF 
system as follows : 
- smaller average frequency, therefore larger cavities 
- larger frequency range, but smaller tuning speed, 
- modified but comparable synchronization and phasing problems 
- costs almost as high as the or iginal booster RF. 
THE INJECTION AND EJECTION SYSTEM 
This i s probably the most c r i t i c a l part because i t is not obvious 
how a l l the r ings can be f i l l e d . Fig. (2) shows the arrangement of 
slow and fast kickers for d i rec t ejection from one of the r ings . This 
could be done for the remaining rings in the same way, but then the beams 
would have to be joined external ly by a manifold system which turned out 
to be complicated and cos t ly . However, by mirroring the f i r s t part of 
the ejection path at the addit ional d .c . lens an internal beam transfer 
i s established as proposed similarly by A. Garren (ref .5) and shown on 
Fig. (3) . 
The fast kicker s ta t ions K2 and K3 share the functions of in f lec t¬ 
ing pa r t i c l e s and deflect ing them af ter one revolut ion. In order to TART refers here to " t r i p l e accelerator r ing t r a n s f e r " which has 
common features with the twin rings as proposed in 1965 (ref . 4)• 
As the word TART has been used even for schemes with unspecified 
multiplicity, no new name has been suggested. 
avoid excessive beam di lu t ion i t is necessary to achieve a good match 
for the two transverse amplitude functions and the momentum compaction 
function. This gives a c r i t e r ion for the previously mentioned balance 
between the three focusing parameters avai lable . These can be adjusted 
such that a l l functions are matched except the ve r t i ca l amplitude function. 
The s l ight mismatch causes a 6% increase of the ve r t i ca l emittance at 
most. This is acceptable since the overall d i lu t ion coming from the 
r ipples of the fast kickers is larger hor izonta l ly . The inject ion i s 
similar to the eject ion but in th i s case the fast kickers can be e lec t ro ­
s t a t i c . 
COMPARISONS 
In comparing with the original 300 GeV inject ion design we find 
the following advantages : 
i ) lower l inac energy and less l inac current required (80 mA at 
60 MeV instead of 120 mA at 200 MeY) ; 
i i ) much smaller peak values of Q, both in TART and the booster 
( typ ica l ly 0.1 instead of around 0.25) ; 
i i i ) higher space charge l imit (~ 1-3) ; 
iv) savings on the booster in terms of aperture (magnet and power 
supply costs) and frequency range for the RF system. 
The disadvantages are : 
i) danger of beam di lu t ion due to kicker errors at the various 
beam t ransfers ; 
i i ) more complex overall system ; 
i i i ) addit ional cost of about 21 MSF. 
These conclusions do not dif fer much from those drawn by 
J.M.Peterson LRL, ( r e f . 6 ) . In the i r case, the use of a TART inser t ion 
allows single turn instead of multiturn inject ion saving a factor of 6 
in horizonzal emittance. In our original scheme we could already apply 
single turn in jec t ion . Our costs for a TART system turned out to be 
higher mainly because we fe l t we should have single cav i t i es instead of 
those common to a l l three r ings . This i s pa r t ly because we did not want 
to mix the conditions for the phase-lock systems and par t ly because such 
a design does not seem feasible for mechanically tuned c a v i t i e s . 
Our objections against the TART as part of the 300 GeV inject ion 
scheme ar i se mainly from the requirements for fast cycling and high RF 
frequency. The CPS booster r ings are slow cycling at much lower f re ­
quency. Thus both the magnet and RF system become much simpler. (One 
cavity per r ing is su f f i c i en t ) . Also th i s type of multiple r ing in­
jec tor provides a great deal of f l e x i b i l i t y in f i l l i n g the in te rsec t ing 
storage rings via the CPS. (Ref. 7,8). 
CONCLUSION 
A high Qs decreases the ∆Q avai lable for space charge because of 
s a t e l l i t e stop bands created by the modulation of ∆Q (and therefore Q) 
at twice Q . This could very l ike ly be the main in tens i ty l imi ta t ion . 
The considerable reduction in Qs achieved with TART for the 300 GeV in­
ject ion might well jus t i fy the addit ional cost and complexity. Other 
inject ion schemes are being studied (ref. 3) but as yet no clear cut 
best solution has emerged. 
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Table 1 
Energy r a n g e 
Repet i t ion r a t e 
Average radius 
Magnetic bending radius 
No. of magnet per iods 
No. of superpe r iods 
Betatron oscns./ turn 
Peak values of amplitude fct. 



















EJECTION ARRANGEMENT FIG. 2 
TRANSFER SCHEME 
FIG 3 
